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i 

This invention introduces a cleaning method for semiconductor wafers with the purpose of obtaining 
high quality wafers by improving the method for the removal of foreign matter that has adhered to the surface 

* ■ » 

of semiconductor wafers. 
<Constitution> 

* 

Once the surface of a semiconductor wafer undergoes oxide film formation while being held within an 
ozone atmosphere, it is then dipped into a reducing solution in order to remove the oxide film, resulting in a 
cleaning operation in which foreign matter such as heavy metals, etc., that have adhered to the wafer surface are 

* ■ ■ 

removed. 
<Effect> 

This invention makes it possible to remove foreign matter from the surface of a wafer within an 

» 

atmosphere of normal temperature and normal pressure without degrading the surface conditions of the wafer, 
which in turn makes it possible to obtain high-quality wafers at a favorable yield level. 
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<Claims> 

• * 

* 

<Claim 1> . ; 

* • 

« 

A cleaning method for a semiconductor wafer is characterized by the fact that said wafer undergoes 

- 

* 

* 

oxide film formation along its surface while being held within an ozone atmosphere, after which it is dipped 
into a reducing solution in order to remove the oxide film, resulting in a cleaning operation in which foreign 
matter that has adhered to the wafer surface is removed. 

■ 

<Detailed Description of the Invention> 
<0001> 

industrial Field of Application> 

This invention is related to a manufacturing process for semiconductor wafers, particularly as it pertains 
to an improvement in the cleaning method applied to these wafers. 
<c0002> 
<PriorArt> 

When contaminants make contact with the surface of semiconductor wafers, this can cause a drop in the 

■ . ■ • ■ 

useful properties of the wafers, and this is why it is necessary to remove these contaminants. Forms of 
contaminants include foreign matter (dirt), heavy metals, etc., that adhere to the surface. The adhesion strength 

. * * * • - 

_ ■ > « 

* » • * 

is particularly high in the case of heavy metals, which is why they are not easy to remove. For example, one 
method for cleaning Si wafers is called the RCA cleaning method, which is known to leave residual amounts of 

* * * * 

Fe and A], which are used because of their ability to remove heavy metals such as Cu, Zn, etc. 
<0003> 

An etching method is used as a means for reliably removing these substances. For example, in the case 

* 

■ . ■ • . 

of GaAs wafers, a sulfuric acid based etching liquid (a mixture of H2SO4, H2O2, and H2O) or an ammonia based 

* 

* * 

etching liquid (NH4OH, H 2 02, and H 2 0) can be used in order to remove several \xm of contaminants from the 
surface. However, when this method is used, waviness or pitting may occur on the surface, causing a loss of 

♦ » 

flatness along the surface. 
<0004> 



■ • 

i 

Although there is also a dry etching method which uses plasma, etc., this provides only a small removal 

■ * m 

■ 

effect and may end up forming a distorted layer on the surface. 

« ■ * 

* 

<0005> 

< * 

An example of a method that has been introduced for removing foreign matter without harming the 

« ■ • 

flatness or crystal properties is one in which a thermal oxide film is formed on the surface, after which the wafer 

• ■« * 

* 

is heated within a vacuum in order to remove the oxide film (Saito, et al.: Technical Reporting Committee of 

* a ^ - ■ 

the Electronic Telecommunications Association, ED- 117, 1987, P. 43). This method was proposed as a pre- 

■ * * 

treatment for MBE (Molecular Beam Epitaxial Method) and has been used in the cleaning of GaAs wafers. In 

short, the wafer undergoes heat oxidation at 450°C to form an oxide film with a thickness of 100 - 200 A 

. *■ 

(Angstrom), after which the wafer is heated to at least 750°C within a vacuum in order to remove the oxide 
film. Based on this method, a remarkable removal effect can be confirmed in which the carbon density of the 
surface is reduced to one third. . ... 
<0006> 

* • * 

<Problem to be Solved by the Inverition> 

* * * * • 

As noted above, it has been, shown that prior etching methods end up degrading the surface condition of 

* 

wafers. Furthermore, although the method for removing a heat oxide film is superior as a treatment immediately 
prior to epitaxial growth; it is difficult to apply this methQd to the production of wafers. This is because of the 
heat treatment process that is required. Particularly in the case where a high temperature of 750°C or more is 

* » * 

' • i 

« a » • * 

applied^ this will end up creating defects in the wafers such as dislocation. 

» • 

<0007> , ' . . 

- 

In the case of compound semiconductors made from GaAs, InP, etc., As and P are volatile when heated 

■ t * ■ a 

within a vacuum, which will result in the transformation of the surface layer. Furthermore, treatments conducted 

- 

within a vacuum are unfavorable from the standpoint of production. Finally, when a thermal oxide film is 

* 

a • 

formed, the make-up of the oxide film can end up changing according to the atmosphere, temperature, etc., and 

* • ■ * • 

as a result, the volatility temperature may also change, resulting in a loss of repeatability. 

* ■ • 

<0008> 



The purpose of this invention is to introduce a cleaning method for a wafer in which it becomes possible 

• • • 

to resolve the shortcomings of the prior art examples noted above by removing foreign matter from the surface 

■ 

of a wafer within an atmosphere of normal temperature and normal pressure without degrading the surface 
conditions of the wafer. 

• , • • • 

<0009> 

■ 1 * " * 

<Means for Solving the Problem> 

* ■ * ■ * 

■ ♦ 

In order to resolve the issues noted above, the constitution of the method described in this invention for 

• • . « 

the cleaning of wafers is as follows. Once the surface of a semiconductor wafer undergoes oxide film formation 

* ■ * » 

■ * » * 

- ■ . . 

while being held within an ozone atmosphere, it is then dipped into a reducing solution in order to remove the 
oxide film, resulting in a cleaning operation in which foreign matter that has adhered to the wafer surface is 

* * » 

* « * * * 

removed. 

<0010> 

<Operation> 

* * 

A method is conducted in which an oxide film is formed onto a semiconductor wafer surface while; the 
wafer is being held in an ozone atmosphere at normal temperature. Then, a reducing solution comprised of 

* * * * ■ • 

hydrofluoric acid, etc., is used as a method for removing this oxide film. Besides hydrofluoric acid, other 
solutions with this type of reduction capability include hydrochloric acid, nitric acid, and sulfuric acid or a 
diluted form thereof. In addition, alkaline solutions with a pH of 12 or higher are effective due to the fact that 

. ■ * * ■ ■ 

they can dissolve the oxide As within GaAs. ■ . ■ ' y 

<0011> 

• ■ 

<Embodiment> 

" " > " * " 

The following is an explanation of a testing method, including the results of the test, in which case an 

■ 

oxide film is formed on a GaAs wafer surface, after whiclrthe film is removed and a measurement is conducted 
in order to determine the concentration of the residual heavy metals. 

_ • 
• ■ 

<0012> 



The samples used for this test are semi-insulated GaAs wafers measuring 75 mm in diameter, in which 

* t » 

case the surfaces of the wafers have undergone a mirror finishing process. Four wafers are used, with one wafer 

• • • • * 

set aside for the purpose of measuring the initial surface contamination leveL The other three wafers are used in 

the cleaning test. 

<0013> 

* ♦ 

* * ♦ » 

An EYE Ozone [Iozone?] device (made by Iwasaki Electric Co., Ltd.) is used in order to create the 

* 

ozone atmosphere. In short, once a wafer is placed inside this device, an ultraviolet Jight of 15 mW with a 

» ♦ 

wavelength of 245 nm is irradiated against the wafer. This causes ozone to be generatetf near the wafer, such 

♦ * * * 

that the wafer surface is oxidized to the point that an oxide film is formed. The thickness of the oxide film is 

. * » ■ 

measured using an ellipsometer. The film thickness of the initial sample is measured at 12 A. The wafer is 

* ■ 

placed into the aforementioned device, and the film thickness formation time is set to 0 - 240 min in order to 
create a film with a thickness of 12 - 210 A. 

r 

<0014> 

This wafer is then dipped into a diluted solution of hydrofluoric acid (HF : H2O = 50 : 1) for two 

• * ■ * 

minutes, and once the oxide film is removed, the wafer is rinsed with purified water for five minutes (at a flow 

rate of one liter per minute) and then dried. 

<0015> 

* 

The oxide film thickness after cleaning is 7 - 9 A, and thus according to the aforementioned treatment, it 

- * * 
• • * 

* * * * 1 ■ • * * 

is confirmed that the oxide film has been removed. Furthermore, it is confirmed that there is no evidence of 
waviness, dullness, or pitting along the surface of the wafer after the treatment, which indicates that a favorable 

■ * * ■ * ■ 

mirror surface has been achieved. 



<0016> 

« 

■ • 

Next, a measurement is conducted in order to determine the residual amount of heavy metals. The 

• * 

method used for this measurement is explained below. 

■ * 

* 

<0017> 

First, an etching liquid (ammonia based) is applied in drops (6.5 cc) onto the wafer surface, and after a 
specified amount of time has elapsed, the liquid is recovered, and a measurement is conducted using the atomic 

* 

absorption method in order to determine the concentration of heavy metals within the liquid. 

* * » * ■ 

<0018> 

A measurement has been taken previously for the concentration of heavy metals within the etching 
liquid, and based on the difference between this and the recovered liquid, as well as the area of the etching 

» • ■ • • . 

liquid at the time it was applied to the surface, a calculation is conducted in order to determine the adhesion 
amount per unit of area according to the etching liquid. This is repeated until there is no difference between the 

* * * 

recovered liquid and the etching liquid, at which time the data is integrated in order to arrive at a surface 
adhesion amount. At this point, the metals that are measured are Cu, Cr, Fe, and Zn. 

♦ ■ 

<0019> 

Figure 1 is a graph of the test results for the embodiment of this invention. Based on the aforementioned 

. * * 

t ' ■ a ■ ■ * 

test, the x-axis represents the oxide film thickness (A), and the y-axis represents the concentration of the 
residual heavy metals. 

■ ■ * 

■ * * 

<:0020> 

As shown in Figure 1, the adhesion amount for each heavy metal declines as the film thickness increases 
up to 100 A, confirming the removal effect. The adhesion amount becomes nearly constant from the point 

♦ * * 

m 

where the film thickness exceeds 100 A. At this point, the concentration of each heavy metal has been reduced 
by one. digit when compared to the initial values, thus making it clear that a significant amount of removal has 
been achieved. 

• ■ ■ 

* > ■ * 

<0021> 



Based on this embodiment, it has become possible to remove heavy metal contaminants from a 

■ 

semiconductor wafer surface, and an improvement in production yields can thus be anticipated. 
<0022> 

An electric discharge method may also be used as a means for creating an ozone atmosphere. With 
regard to the removal of the oxide film, it is also acceptable to use a method in which the samples are held 

within a steam generated from a reduction liquid. 

* 

<0023> 

Furthermore, the semiconductor wafer that is used can be a compound semiconductor made from a 
substance other than GaAs, such as IriP, GaP, InAs, etc. 
<0024> 

• ■ 

♦ 

■ ♦ 

<Effect of the Invention> 

> ■ • 

This invention makes it possible to easily obtain wafers with favorable surface conditions due to an 
extremely low adhesion amount of heavy metal contaminants as well ,3s an absence of dullness, waviness, or 
pitting along the surface. In short, due to the fact that high quality wafers can be obtained at high yields through 
ihe use of this invention, it can make a significant contribution to the increase in profitability. 

<Simple Explanation of the Drawing> 

• .. _ * , 

<Figure 1> 

■ * * ■ - * 

1 

This is a graph that shows the relationship between the oxide film thickness and the residual heavy metal 

* ■ 

■ > » ■ • • 

concentration as described in the embodiment of this invention. 

< ■ • * 

: • 

• * 

<Figure 1> 

[y-axis:] Residual Heavy Metal Concentration (cm" 2 ) 
[x-axis:] No Treatment Oxide Film Thickness (A) 
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